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Two-phase pressure drop measurements were taken of boiling 
water flowing in a horizontal tube at atmospheric presmre and 
uniform q/4. Qualities up to 11% were investigated. The data are 
presented, and conclusions are drawn as to the type of flow in the 
tube. 
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SYMBOLS 


acoé¢leration due to gravity 

mase flowrate per unit area (¥/A) 

pressure 

momentum preesure difference 

preseure change with no boiling 

two-phase frictional pressure drop 

heat flux per unit srea 

radius 

coefficient used in Mertinelli-Eeleon correlation 
with units of cu ft/lb 

coefficient used in Martinelli-~Nelson correlation 
with units of cu ft/lb 

maximam radius 

velocity 

mes flowrate per unit area (G) 

quality 

axial dietance along test section 

density 

wall shear stress 

wall shear etreses during nen-boiling rune 





I, INTRODUCTION 


A. The feasibility of a bolling-water nuclear reactor has 
increased the need for quantitative information on the pressure 
drop associated with forced convection boiling of water flowing 
in small tubes or channels. Recently, Isbin et al. (1) have 


surveyed the current literature on two-phase pressure drops. 


B, The basic problem asgociated with the application of 
theoretical enalyses of two-phase pressure drops to quantitative 
preesure-drop evaluations is the determination of the actual type 
of flow occurring in ench portion of the tube or channel. To 
illustrate what is involved, let us consider the folloving 


hypothetical case: 


Suppose we had = substance which wae similar to vater in 
the liquid state, but which had an infinite mecific volume in 
the gaseous state. Further, sucpose ve were able to contro] our 
experiment with such crecision that ve vere able to evaporate or 
veil an infinitele small maes of this subdstanee to produce a 
finite volume of gas. Let us investigate the change in the 
pressure drop which would oceur in a tube in which this substance 
wae flowing while the boiling was taking ploce under steady-state 


conditions, Consider three extreme cases, 


1. If the gne were formed in infinitely seall bubbles which 


were distributed uniformly throughout the liquid (fog flow), the 
effect on the flow would be indistinguishable froxz that which 

would oceur if the specific volume of the liquid were increased, 
i.e., the valocity of the flow would have to increase in order to 
preserve continuity, Thie would reeult in an increase in pressure 
drep in the tube for two reasons: firet, there would be a momentum 
preseure drop which vould be necessary to increase the flow 

nomen tum; second, there would be an increases in the frictional 
pressure drop due to the increase in velocity (assuming the friction 


factor rsmained constant) . 


2. f all the ges vere formed at the centerline of the tude, 
and if we assumed that the gae could not support a shear stress, the 
gas would immediately accelerate to infinite velocity due to the 
existing pressure gradient in the tube. Continuity would dictate 
that the cross-sectional area of the gas flow would be zere. 
Consequently, the flow of the liquid would not be affected in any 
way by the formation of the gas, and, therefore, the pressure drop 
in the tube would be the ease ae that which would oceur without 


voiling, 


3. If all the gare were formed at the tube vall, a file of 
gze which couldn't eupvert a shear stress would saparate the 
liquid from the tube wall. The existing pressure gradient would 
acesierate the gas to infinite velocity and, therefore, zero crose~ 
sectional area and, hence, rero thickness of gas film. Ase econ aa 


the gas film was formed, the shear stress acting on the liquid 





would go> to sere, and, hence, the pressure gradient along the tube 


would go to sero. 


Although vater does not have the proverties of the hypothetical 

fluid described above, ite specific volume does increase by a 

factor of 1600 when it is boiled at atmosvheric pressure and ite 
viscosity decreases to one-tventieth of the viscosity of water. 

It can be seen, therefore, that, although water will not behave 
quantitatively the way the hypothetical fluid would, water will 

behave qualitatively in this manner. It is no wonder then that 

the pressure drop associated with forced convection boiling is 

strongly dependent upon the geometric distrittion of vapor and 


liquid in thse tube, 


CG. The purpose of thie thesis is the determination of ths 
type of flow, i.e., the geometric distribution of vapor and liquid, 
which occurs in a horizontal, electrically heated (uniform /A) 
tube as a function of the bulk quality of the steam and vater 
mixture in the tube. The pressure in the tubs is approximately 


atmospheric, 


~* 
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II, ReaULts 


From the mearuresents conducted for thie thesis, the follow- 
ing deductions have been mde concerning the type of flow geozetry in 
a horizontal electrically heated tube of 0.18-ineh internal diazeter 


through which water and eteaz are flowing at atmospheric pressare: 


A. W/A of 7.08 x 10” lo/hr/sq ft 

q/A of 169,500 and 212,000 Btu/hr/aq ft 

Yrom bulk quality of 0-2 per cent annular flow existe, i.e., the 
core iz vepor and the walls are liquid containing vapor bubbdles. 

From bulk cuality 2-5 per cent the outer flow changes from varor 
vbabbles in liquid to liquid droplets in vapor. 

For bulk quality of 5 per cent and up the flow is a core of vapor 


and an annulus of droplets in vapor. 


B. W/A of 1.15% x 10° ib/hr/eq ft 

q/A of 212,000 Btu/hr/eq ft 

From bulk quality 0-2.5 per cent the flow is a core of vapor and 
an annulus of liquid containing vacor bubbles. 

From bulk quality 2.5-3 per cont the outer flow changes from 
vapor bubbles in liquid to liquid droplets in vapor. 

For bulk quality of 2 per cent and up the flow ia a core of 


vapor and an annulus of droplete in vapor. 





' ; 


il 


W/A of 7.08 x 10° and 1.158 x 10° lo/hr/aq ft 
qf/A of 84,800 Btu/hr/sq ft 
and 
W/A of 1.15 x 1° lofhr/sq¢ ft 
q/A of 169,500 Btufhr/eq ft 
No distinct sones of flow could be distinguished, 


an 





TII, DESCRIPTION OF APPARATUS 


The test section consisted of a horizontal st-inless steel 
(type 304) tude, 1/4-inch outside diameter and 0.18@inch inside 
diameter, The total lengt> of the stainless steel tube was 6 
inches, Starting from the upstream end, the tube was utilized as 
follows: 
39 inches of unheated entrance section 
1/% dinch soldered to copper tus bar 
3/4 inches between ws dar and first pressure tap 
18 inches of preseure taps spaced one inch apart. 159 pressure 
tape in ali 
3/4 inches between last preseure tap and conper bus bar 


1/4 inch soldered to correr bus bar 
1 inch unheated exit section 


The test section exhausted to the atmosphere. The heated 
section yas coneidered to be 19~-1/2 inches long and had a resistance 


of 6.0173 ohns. 
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Zach preeeure tap consisted of a one-inch length of 1/l—inch 


outeide dlemeter, ©.18-inch inside diameter copper tubing. The end 
of the copper pressure tap vhich joined the stainless steel] tube vas 
pinched flat. ac!: preasure tap wes silver-soldered to the undersides 
of the stainless steel tube. The long dimension of the pinched 
copper tube ond was parallel to the axis of the stainless steel tude. 
This meant that each presenre tap wes in contact with the atainilees 
steel tube for an axial distance of 3/8inch. A 1/32-inch hole ves 
drilled through the well of the stainless steel tube at each vrresmre 
tap. After drilling, the inside of the stainless stee) tube we 


finished emoothly with emory cloth. In order to help cool the 
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etsinlese steel tude in way of the proseure taps and also to counter 
act the resulting non-symmetrical electrical resistance of the stain- 
less stee)] tubing caueed by the addition of the conver pressure taps, 
the bottom of the heated portion of the atainless steel tubing was 
filed flat to a minimum wall thickness of 0.020 inches before the 


preseure tevs were installed. 


Thre pressure teps vere water-cooled to prevent boiling in- 
aide of the taps. The cooling vater tube consisted of a 1/2-inch inside 
diameter plastic Tyzon tube which we located under and perallel to the 
stainless steel tube (see photograph). Bach pressure tep ran through 
the oo tuse. The pressure tap holes in the cooling-water 
tube vere punched on center distances of 1-1/8 inches eo that after 
assembly the cooling-vater tube was umier compression. ‘The compression 
of the plastic cooling-water tube was all that was required to prevent 


the cooling water from leaking out along the pressure tans. 


i/t-ineh inside diaveter pleatic Tygon tubing joined each 
pressure tap to the manoneter board consisting of 7am outside 
diameter Pyrex glass tubing. The nineteen manometer tubes for the 
nineteen pres«urs (eps vere joined individually at the bottom to 
the nineteen pressure taps and at the top to an air chember 
which, in turn, wae connected to a comressed-air supply. ch 


manometer tube vas 94 inches long. 


Ordinary tan water wae used as the vater surply. The water 
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cawe directly from the laboratory weter main, pease! through a 
Nfov-control globe valve, then through an orifice to be metered, 
then through a preheater to heat the witer to approximately 


saturation temperature, and then through a filter to the test section. 


The preheaters coneisted of two Chromalex heaters, type 
KT 270, 2k0 velte, each 7,000 vatte, manufactured by the fdwin L. 


Wiegand Company of Pittsburgh, Fenneylvania. 


The pover to the preheaters wae controlled by tro Tariacs, 
tyre V-10, manufactured by the General Radio Company of Cambridge, 


Massachusetts. 


The test section was heated by direct current supclied by a 
motorgonerator set. The motor was Yestinghouse type OS serial 
10179, 22° volts, % phase, 1150 rom, 55 amps, SO cycles, sanufactured 
for Westinghouse by the L. J. Land and Company of Kew York, The 
generator was General Zlectric Madel S3A 532 tyre CDM No. 12497572, 


15 volts, 15 KY, 1000 amps, 1200 rpm. 


The terperature of the water entering the heated section of 
the teat section was mos wured by a chrosel-constantan thermocouple 
located on the outside of the stainless steel tube, 4 inches 
upatream of the heated test section, The thersmcouple and that 
portion of the tube in the vicinity of the thermocouple vere insulate 
ed thermally with glaes vool. The thermocouple temmorature wa used 


directly with no corrections aprlied for heat losses. 
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T¥, “=XPERIMENTAL TECHNIQUES 


During adiabatic rune, the flow of vater through the test 
section was stable and all of the preessure-tap stop valves could 
be opened to allow sirulteansous reading of all of the manometers. 
During non-adiabatic runs, however, the eystem wan not stable. The 
instability wae caused by the fact that the rate of flow of wter 
into or cut of the manoreters during ¢mall pressure fluctuations 
was of the save order of segnitude as the rate of flow of the 
vater through the test eection. Yor instances, 1f, while boiling 
vas taking place in the test eeoction, the preseure in the tert 
section dropped s etall amount, say 1/2? inch of water, the water level 
in the manometere woul’ drop 1/2 inch. The drop in vater level 
would be ceused by water flowing into the teet section through the 
preeeure ta-s. Thia water, being cold, would eartially quench the 
voiling, which effect, in turn, would cause the pressure in the 
teet section to decrease further, and so on. In this way, an initial 
1/2~ineh drop in level of the water in the manometers could cause an 


edditional drop in water level of from one to four feat. 


A rise in water level in the manoreters caused the reverse 
action, As the water floved out of the test section through the 
pressure tepe, the flow of water in the test section would decrease, 
the quality woold rise caueing a rise in preseure, end eo on. Thies 
action vas not as violent as the quenching procees, however, sri 


during operation an attexpt wee made to adjust the preesure of the 


? 
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air in the chambder above the manometers so that when a manometer 
stop walve wae opened, the water level would rise in the manometer 


tube, 


During boiling rune, only two menometer stor valves could 
be open simultaneously, and even then it wae difficult to prevent 
violent oscillation of the pressure, due to the inatability action 
as stated above, In fact, initially, it vas planned to use four 
water flowrates through the test esction: 76, 125, 20% and 320 pounds 
per hour. However, at flowrates 76 and 320 pounds per hour, the flow 
was so unstable even with only two pressure tars in use simul teasonely, 


that it wae not poesible to take readings at these flows, 


Turing boiling runs, the pressures in two adjacont taps 
were read sisultansously to obtain a difference in praseure between 
successive taps. then the pressure differences vere totalled to ob- 


tain the curve of preseure versue >reesure tan. 


ov 





V. EXPERIMRITAL DATA 


Two flowrates and three power levels were used to give six 
votling runs and tvo adiabatic runs, Small letters "2" and "vd" are 
used for the flowrates and numbers 0, 2, 4 and 5 are used for the 


porer levele. 


Run Designation Inlet Yater Temp. Power Level Ylowrate 
*s Ky lb/hr 
Oa 204 0 125 
2a 20% ? 125 
og 204 4 125 
Se. 20h 5 125 
Ob 205 ts) 204 
2b 205 2 208 
Ly 205 4 20h 
5b 205 5 204 


See Figures 1 and 2. 
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Gauge 
Press. 
pei 


0.42 
0.61 
o.3h 
0.96 
1.14 
1.26 
1.39 
1.98 
1.60 
1.68 
1.7% 
1.80 
1.8% 
1.85 
1.87 
1,89 
1.90 
1.91 
1.92 


RUE 2a 


Abs. 


Press, 


psia 


15.12 
15.32 
15, 54 
15.66 
15,84 
15.96 
16.09 
16.23 
16.320 
16.38 
16.44 
16.9 
16.5 
16.56 
16.57 
16.59 
16 .60 
16.62 
16.62 


Nn thalpy 


Btu/lb 


221.90 
219, 2h 
216.58 
213.92 
211.26 
208 .60 
205.9% 
203.26 
200.62 
197.96 
195.30 
192.64 
189.98 
187.32 
184,66 
182.00 
379.34 
176.68 
174.02 


Quality 


p.c. 


& 16 
3.84 
3.48 
3.17 
2,83 
2.51 
2.20 
1.878 
1.578 
1.280 
0.984 
0, 683 
0.400 
0,118 
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Gauge 
Press, 
# 
R,0 


57.19 

82.95 

103.40 
117,45 
129.30 
139.75 
148.00 
156.15 
162.85 
169.20 
176.25 
182.50 
185.70 
188.40 
190.40 
191.20 
191.30 
191.60 
191.90 


RUN he 


Absa. 
Press, 
pele 


16.76 
17.70 
16.4% 
18.9% 
19.36 
19.7% 
20.0% 
20.34 
20.57 
20.82 
21.06 
21.28 
21.40 
21.50 
21.57 
21.60 
21.60 
21.61 
21,62 


Zntharly 


Btu/1b 


271.77 
266.45 
261.13 
255,81 
250. kg 
245.17 
239.85 
234,53 
229.21 
223.89 
218 .57 
213,25 
207.93 
202.61 
197.29 
191.97 
186. 65 
182.33 
176.01 


Waa lity 


Pc, 


6.78 
7.96 
7.20 
6.5 
5. 8h 
5.18 
& 5 
3.91 
3.29 
2.67 
2.05 
1.437 
0.848 
0.266 
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RUK Se 
Gauge Ave. 
Press Preas, 

pei peia 
3.2% 17.94 
4 65 19.35 
5,68 20.36 
6.39 21.09 
6.9% 21.64 
7.51 22.21 
7.88 22.58 
8.26 22.96 
8.56 23.26 
g.79 23.49 
9.10 23.80 
9.36 2h 06 
9.54 Puy ak 
9.59 24,29 
9.70 24. 4o 
9.70 26 ko 
9.70 24 ko 
9.70 2h ko 
9.70 2h ko 


Enthalpy 
Btu/lb 


296.72 
290.07 
283 42 
276. 77 
270.12 
263.47 
256. 82 
250.17 
2b3, 52 
236.87 
230, 22 
223.57 
216.92 
210,27 
203.62 
196.97 
190.32 
123.67 
177.02 


Quality 


p.C. 


11.05 
9.95 
9.0 
$.11 
7.28 
645 
5.65 
4 86 
4.10 
3.35 
2,58 
1,923 
1,075 
0,364 
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~ Vw Fu A~ oo CO 


Zathel py 


Btu/lb 


203.58 
201.95 
200.32 
198.69 
197.06 
195.43 
193.80 
192.17 
190.54 
188.91 
187.28 
185.65 
184,02 
182,39 
180.76 
179.13 
177.50 
175.87 
174. 2h 


Qual ity 
p.c. 


2.08 

1.772 
1.542 
1.316 
1.092 
0. 887 
0.586 
0.497 
0.315 
0.140 


Tap 


al <n el <n ee 
Oo Mw A ie KPH OY Oo CUNO 


~ mw Pw na~ a wo 


Gauge Gauge 
Press, Press. 
"HO psi 
61.0 2.20 
$7.8 3.17 
107.2 3.87 
122.2 % 42 
174.2 & 85 
185.4 5.25 
153.2 5.53 
198.2 5.71 
162.7 5.87 
165.2 5.96 
167.7 6.05 
169.9 6.12 
171.3 6.18 
173.5 6.25 
175.0 6.32 
176.5 6.36 
177.4 6.40 
178.4 6 uk 
179.0 6.46 


RUE Lb 


Abs. 
Press, 
pela 


16.90 
17.87 
18.57 
19,11 
19.55 
19.95 
20.23 
20.42 
20.57 
20.66 
20.75 
20.82 
20, 88 
20.95 
21.01 
21.06 
21.10 
21.1% 
21.16 


Ea thal py 


Btu/ld 


234.1% 
230.88 
227.62 
224.36 
221.10 
217.84 
21h 58 
211.32 
208.06 
204, £0 
201.54 
196.28 
195.02 
191.76 
186.50 
185.2h 
161.96 
178. 72 
175.46 


Quality 


B.C. 


4 65 
4 23 
3.68 
3.19 
2.72 
2.27 
1.859 
1.468 
1.085 
0.720 
0.356 
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228,20 


XUN 5b 
Gauge Abe. 
Presse. Press, 

pei peia 
3.2 17.94 
4, 60 19,30 
5.48 20.18 
6.08 20.78 
6.59 21.29 
7.05 21.75 
7.40 22.10 
7.9 22.29 
7.8 22.50 
7.9% 22.64 
6.02 22,72 
8.10 22,8 
8.14 22,84 
8.16 22.86 
€.19 22.89 
82h 22,9h 
$.27 22.97 


Sn thalpy 


Btu/ib 


2h9 3% 
245.27 
241.20 
237.13 
233.06 
228.99 
22h 92 
220.85 
216.78 
212.721 
208,64 
204.57 
200 . 50 
196,43 
192. 36 
188,29 
184,22 
180.15 
176.08 


Quality 


p.c. 


6.12 
5.31 
4 65 
4 06 
3.90 
2.96 
2,44 
1.97 
1.490 
1,028 
0.580 
0.134 
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Vi, ABALYSIS OF EXPERIMENTAL DATA 


It is assumed that q/A in the test section is uniform for 
each pover level, ‘The values of q/A vere estimated dy subtracting 
the heat-lose rate vy conduction, convection and radiation on the 
outside of the tube from the rover level to obtain the rate of heat 


transfer within the tude. 


The combined effects of natural alr convection and radiation 
were calculated to be lese than 1 per cent (5). The effect of conduc- 
tion through the water-cooled pressure taps could not be calculated, 
es-ecially since the pressure tapes perturbate the flow of electricity 
through the stainless steel tube and, hence, the heat-release rete 


in the stainless eteel is not unifore. 


An estimate of the heat loss was mada in the following 


RADNE 3 


VYolume of the stainless steel in the test section is 


u uy 


2.66 x 10° ca ft. Contact area of each pressure tap is 3.4 x 10° 
aq ft. Thickness of stainless etee! at pressure tap is 1.67 x 107) 
ft. Hence, volume of steel adjecent to each pressure tar is 

5.67 x 107? cu ft. Therefore, the ratio of the volume of steel 
acijacent to ail of the preseure taps to the total volume of the 


steel is 0.0405, 


It 1s aseumed, therefore, that 4 per cent of the power input 
is lost to the preseure-tap cooling water. Add one per cent for convec- 


tion and radiation. Then, the total lese ie 5 per cent of the pover invut. 


-—_ F 
- 
— 





Thie information allows computation of values of q/A. ‘The 


ineide area of the test section is 0.0765 eq ft. 


Power Lovel §§ Power Level Net Power Level a/a 
KW Btu/hr Btu/hr Btu/hr/sa ft 
° 6826 6490 $4, 800 
k 13682 12980 169, 500 
5 17065 16200 212,000 


These data allow use to compute the bulk quality at each 


pressure tap. See Figures 1 and 2, 


Figure 20.23, p. 425 of ref. (5) was used to calculate the 


preeseure drop for the non-boiling runs, 


The Martinelli, Belson method (7) wae used to predict the 


preseure drep for the beliling runs. 


Run Avg. Exit AP AP AP r. AP r AP 
Press. Quality © San lig (separate , ( fog) 
psin (p.c.) “HO 0 flow) 

“0 "H.,0 a 

2a «(6 4.16 3.66 14 10.12 27.7 1.08% 250 

a 19 $.78 3.78 27 1102.10.29 67 2.078 479 

Sea 21 11.05 3.77 312 116.8 0.37 85.4 2 h6¢ 567 

2> «16 2.08 6.55 6.5 2.60.06 %6.8 0.52% 323 

by» 16 4.65 7.13 14 100 «40.13 «179.7 1.139 696 

5 20 8.95 §.91 17 #100.5 0.18 110.5 1,360 £35 


It can be seen that aP for fog flow is mech too high. 
Therefore, ve can aseume that the flow is a long way froz being 
fog flow. Bence, AP. for separate flow fe ured to enliculate the 


total pressure dron. 
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Run Calculated Pressure Drop Mengured Pressure Drop 


"8,0 HAO 
Oa 5.34 5.9 
Zn $1.8 LO 
Ke 169.1 132.5 
Sa 202 ,2 178 
Ov 1?.38 2.6 
2b 79.4 36.2 
hb 179.7 108.& 
5b 211.0 135 


Rote, that, for boiling runs, the erlculated preesure drop 


is higher then the measured pressure drop (see Figure 3). 


Anvliention of the conservation of momentum ecuation to the 
test section yields the following differential equation: 


R 
2 . 2 2 f eo 
- $2. Fi s 2] ove | 


R 


The firet term on the right of the ervality sign is the 
contribution ef the wall shear etrees to the rate of preseure drop. 
The second term is the contribution of the chenge of momentum to the 


rate of pressure dror,. 


Let us assume that the flow is such that the liquid and 
vanor are completely separated, Then we car eubetitute the 
empirical relationshin of Fartinelli end MNeleon for the momentum 


term. Then the ecuation becomes? 


2 ot” g° op 
-%- +S 3: 

or 
wer, & 8 ax 
“oe ~ FF * 2 Oe & 


. 
= is obteined from Figure 4 which is plotted from data of (3). 
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(2) 


QUALITY 


3h 


If there were no momentum change (no boiling), the equation 


would become! 


Values of Tht, were computed for the six runs and are plotted 


vermus x in Figure 5. 


The negative values of 7/ T,, at vero quality are caused by 
the fact that boiling occurs while the milk quality is still negative 
and, hence, there is edditional momentum in tho stream at zero quality 


which gives an apparent negative shear strene. 


fhe significant feature about the plot is that for runs 4a, 
%e and Sb the curvee contain a sortion of reverse curvature in the 
vicinity of 3 per cent quality. One would expect the will shear stross 
to increas: regularly as the quality increases, since the velocity and, 
hence, the velocity gradiente sre increasing. ‘Since the shear stress 
seens to level off at about 7% per cent quality, one mst aceume that 
the viscosity of the finid adjacent to the wall is decreasing ranidly 
at thet point, This would be the case if the region near the wali 
were changing from liquid containing vapor bubbles to vapor containing 
liquid drorlets., fFfhie assumption ssems reasonable and is the one 


which is presented ae the reault of this thesis. 
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VII, EXRCOMMT ROATIONS FG" FURTHER INVESTIGATION 


It 46 recommended that the manometers used vith this equip- 
mont be modified so that the system can be made more agtabdle. Thies can 
be accomplished easily by Aiscarding the present arrangexent of a 
separate wanometer for each preseure tap. Instead, a U-tube manometer 
should be used with oa suitabdle liquid of specific gravity of 2 or 7 
in the bottom of the U and the pressure taps connected to the top of 
the U, In thie way, whenever there is ae preseure change, one pressure 
tap willintroduce into the teet section as mech vater as the other 
preesure tap is withdrawing. Furthermore, only changes in the dif- 
ference in pressure between the two presaure taps in use will cause a 
flow in the manometer with the proposed U-tube, whereas, vith the 
present esyetem, both manometers riee and fell together with every 


fluctuation of the system proseure, ‘ 


The use of plaetic tubing to connect the preesure taps 
end menometera should be replaced by glase and wetal tubing since 
the plastic tubing expande under pressure and contributes to the in- 


stability of the systex, 


A suitn>le manifold arrangerent should be need to change 
the wenoneter from ons pressure tap to another. 4 source of outside 
hydrostatic pressure should be attached to this sanifold so that the 
expected preseure difference can be set in the manometer before the 


manometer is connected across the pressure tans. 





With thie manometer modification, one should be able to 
vary the flowrates and power lovele over a wider range s0 that a 


wore comprehensive collecticn of data can be obtained, 
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